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METHOD AND APPARATUS FOR DETERMINING CHARACTERISTICS OF A 
SAMPUS LIQUID INCLUDING A PLURALITY OF SUBSTANCES 



The present invention relates to the examination of liquids, 
especially of body liquids, such as urine, liquor, etc., or 
of liquid foods. More particularly, the present invention 
relates to the field of urine diagnosis. 

Urine examinations are known in the prior art. Since they 
are non-invasive, they do not stress the patients and every 
increase in information from such examinations is of special 
commercial interest. At present, two methods of examining a 
urine liquid are subs tantiall v available- In the first- 
method, test strips which are coated with up to 20 chemicals 
and which change their colors upon coming into contact with 
special substances are used. These test strips are dipped 
into the urine sample to be examined. Thus, without great 
expenditure, a judgment, which, however, substantially only 
is a qualitative one, because a certain threshold value of 
the substance to be determined must be present in order to 
trigger a change in color, can be achieved. In the second 
method, an infra-red spectrum of a urine sample, to which 
certain reagents may have been added before, is recorded and 
evaluated. However, devices which are capable of carrying 
out these infra-red spectrum analysis, require a considerable 
investment of about DM 200.000,00, Fox— thi^ re ason, — they are 
mainly usea m nospltals. Both the technical zrequirem.ents of 
the devices and the logistic requirements in order to bring 
several urine samples into a laboratory for a spectrum 
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results to the respective urine samples and to se:nd Lhe 
results to the respective physicians, require considerable 
expenditure, such as in the booVrket^n-i nri Hf-n^ T-i-Tn*=.ni- . 
transportation, etc. Although such an infra-red spectral 
examination usually only takes 20 minutes, several hours go 
by in whe oase of a laboraLoj-y wiLhiii Lhe huspitai ana 
several days go by in the case of a t-p^.<=; S Htf*ri+r phyei^^i^ii, until 
the physician is in possession of the results* 

For examining liquids of all kinds, measuring instruments for 
recording cyclovoltagrams, are known in the prior art. Such 
measuring instruments are, by cyclically applying a voltage 
ramp to a sample liquid and by simultaneously measuring the 
resulting electrode current, capable of recording a current- 
voltage characteri-stic uf the sample liquid: which:," "in turn, " 
yields information about respective electrode processes of 
the ingredients of the sample liquid. - This kind of 

spectroscopy". The electrode processes^ which contribute to 
the current-voltage characteristic, include reduction 
nr'or'tfi-'^ <a ^. oxid^.tion, procsssss, px'o^^odirig oir nuooccding 
chemical reactions, adsorptions of reactants or products, 
electrode depositions, etc. The said contribute additively 
to the current-voltage characteristic, the so-called 
cyclovoltagram, Thus^ cyclovoltagrams provide a quick 
o-ircxrview foir the lnohcx v i J. oT taii tiietj: t r o-cheml cal system. 



However, at present, evaluating the voltametrically-obtained 
measuring graphs require the specialist who is able to 
recognize typical graph forms from the graph forms and who 
draws a conclusion from the reactions present and the 
substances present in the substrate. Such evaluation of data 



by the practical man, the physician or the laboratory 
personnel, respectively, is almost impossible in most of the 
cases, because the effects of the different electrode 
processes on the cyclovoltagram superimpose one another. 

It is the object of the present invention to provide an 
easier method and an easier apparatus for determining the 
characteristics of a sample liquid including a plurality of 
substances, which enable a quick determining of 
characteristics of a sample liquid . 

This object is achieved by a method of claim 1 and an 
apparatus of claim 16. 

Tho irivontivG racthod fo" det^nriinirig v_hcxx cn^Ltrx. is Lxus of a 
sample liquid including a plurality or substances includes 
recording current-voltage measurement data of a liquid with 
at least one known char^cii-eiii^tic, transforming the 
measurement data of the liquid into a feature space in order 
to obtain a first plurality of feature values, recording 
current-voltage measurement data of the. sample_aiquid, 
transforming the measurement data of the sample liquid into 
the feature space in order to obtain a second plurality of 
feature values and determining at least one characteristic of 
the sample liquid based on the feature values of the sample 
liquid in relation to the feature values of the liquid with 
the at least one known characteristic. 

The inventive apparatus for determining characteristics of a 
sample liquid including a plurality of substances includes a 
first recording means for recording current-voltage 
measurement data of a liquid with at least one known 
characteristic and current-voltage measurement data of the 
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sample liquid, a first processing means for transforming the 
measurement data of the liquid into a feature space to obtain 
a first plurality of feature values and for transforming the 
measurement data of the sample liquid into the feature space 
to obtain a second plurality of feature values, and a second 
processing means for determining at least one characteristic 
of a sample liquid based on the feature values of the sample 
liquid in relation to the feature values of the liquid with 
the at least one known characteristic . 

According to one embodiment, a plurality of current-voltage 
measurement data of a plurality of reference liquids are 
recorded for determining the at least one characteristic of a 
sample liquid. Here, these current -voltage measurement data 
correspond to cyclovoltagrams which are obtained by 
cyclically applying a voltage ramp in both directions and 
simultaneously measuring the electrolysis current- The 
resulting measurement data are then subjected to a 
mathematical operation^ such as a Fourier transformation, a 
wavelet transformation or the like, A power spectrum is cut 
out of the resulting "spectral" or transformed measurement 
data to reduce the amount of data for the subsequent 
processing. From these spectral measurement data^ of which 
the amount has been reduced, (and which from now on is simply 
referred to as "reduced") of the plurality of reference 
liquids, a transformation matrix, which maps the measurement 
data into a low dimensional feaLuj-e space, is deterntlnedTDy 
means of a main component analysis. Current-voltage 
measurement: dat^a of a plurality of liquids with at least one 
known characteristic are then recorded, subjected to a 
spectral transformation and mapped into the feature space by 
means of the transformation matrix, wherein a first plurality 
of feature values forms- The same steps are carried out to 
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obtain feature values of the sample liquid with an unknown 
composition of substances. On comparing the feature values 
of the liquid with at least one known characteristic and the 
sample liquid with the unknown composition of substances, the 
sample liquid can th^n be associated with a certain class, 
such as "urine sample of a patient who has not been given 
vitamin C before taking the sample", or a certain physical 
value of the urine sample, such as the concentration of a 
certain ingredient, can be detected quantitatively . 

Consequently, the present invention closes the gap between 
the two methods mentioned before, the test strips and the 
infra-red spectral analysis. In contrast to the usage of 
test strips, the present invention is capable of providing 
quantitative results- Further, this is possible with 
considerably less expenditure than is the case with infra-red 
spectral analyses. The estimated cost for the apparatus for 
realizing the present invention is, for example, DM 20.000,00 
in the beginning and approximately DM 5.000,00 when a larger 
nixnxber of them is produced, and is, thus, considerably lower 
than the purchase costs of DM 200.000,00 for an infra-red 
spectral analysis device. The measurement and the judgment 
of the samples can be carried out locally, such as at a 
resident physicians and immediately, whereby the typical 
duration of the measurement is approximately one to two 
minutes. Consequently, the risk of an uncontrolled change of 
the sample/ such as a segregation of the sample, slow 
chemical reactions and influence by the action of light and 
temperature fluctuations resulting from a non-defined 
transport or storing is also avoided. 

Since the present invention fundamentally differs from the 
methods mentioned above, results which can be used as a 



supplement to the conventional methods can be further 
obtained - 



The application of the present invention is further not 
limited to the examination of urine, but it can be used with 
liquids of all kinds, such as other body liquids, liquid 
foods, washing liquids (washing liquor), etc. 

Preferred embodiments of the present invention are described 

hereina f t At- m^Vinrj r-^^f ^irorL-^^o "to -tH« aipponcioci ciir^iwlngs , in 

which: 



Fig. 1 is a schematic view of the structure of a measuring 

means for recording cyclovoltagrams, as it can be 
used in the present invention; 

Fig. 2 is a cyclovoltagram as it is obtained from 
measuring a urine sample by means of a gold 
electrode; 



Fig, 3a is the first part of a flow chart which describes 

the steps of an embodiment of the inventive method; 

Fig. 3b is the second part of the flow chart of Fig, 3a; 

Fig, 4 Illustrates several cyclovoltagrams of samples 

which have been taken at different points in time 

before and after admi ni /^t-l-i^-ri nry Trit^^min a or +-.)-. 

addition of vitamin C; 



Fig. 5 



is a feature space which is spanned by eigenvectors 



obtained by a main component analysis, and which 
includes feature values which correspond to the 
cyclovoltagrams of Fig^r 3; and 

Fig. 6 illustrates a plot of time values which have been 

determined at different points in time for four 
urine liquids according to the invention taken and 
which indicate the length of time between the 
taking and the administration of vitamin versus 
the actual lengths of time. 

At first, reference is made to Fig, 1 which shows an 
apparatus for recording current-voltage measurement data. In 
the illustrated embodiments, the apparatus is an apparatus 
for generating a cyclovoltagram of a sample liquid. This 
recording means or measuring means for recording 
cyclovoltagrams substantially consists of three electrodes, 
namely a counter electrode 5, a working electrode 10 and a 
reference electrode 15, a measurement chamber 20 in which the 
tHiToo Gleotarovlcrs o, 10 diiU 15 cire locaneo ana a potentiostat 
25 which comprises a voltage source and a current measuring 
device (not shown) and which is connected with the three 
electrodes 4, 10 and 15. It further comprises a gasification 
means 30, such as a tube, through which an inert gas, such as 
nitrogen or argon, can be introduced into a liquid 35, such 
as a sample liquid or calibrating liquid, contained in the 
measurement chamber 20, as it is shown by an arrow 40, to 
optionally drive out oxygen contained in the liquid 35, It 
also comprises an appropriate apparatus, which is not shown 
due to clarity reasons, such as a tube ending at the bottom 
of the measurement chamber, for introducing the liquid 35 
into the measurement chamber 20.- 
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The operation of the measuring means is now explained. Via 
the potentiostat 25, a variable voltage which can be input 
into the potentiostat 25, as is indicated by the arrow 47, is 
applied between the counter electrode 5 and the working 
electrode 10. For this purpose^ by means of the reference 
electrode without current 15^ which is preferably located in 
the vicinity of the working electrode 10, a defined reference 
potential is predetermined for the working electrode 10, The 
course or waveform of potential 45, that is the potential 

potentiostat oetween me worxiiiy t!a«ui-iwu« lo cmu lIi^ 
reference electrode without current 15. The course of 
p^Lt^rilL±^l 4S X* ±Hw^-^^ *»-^"»- <^H in f^^empX^ry plot 50, showing 

the potential versus the time. As it can be seen, the course 
of potential 45 corresponds to a cyclic repetition of a saw- 
tooth shaped wave form or the cyclic passing of a potential 
ramp in both directions,, that is from a negative to a 
positive potential and vice-versa respectively. The 
potentiostat 25 also measures the current flowing between the 
counter exectroae 5 ana rne working eiecLruae lo. xh^ 
r»ot(=^nt- -1 n.cit-^t 25 outputs the measured current wave form as 
current-voltage measurement data and as a cyclovoltagram 55 
(arrow 57) respectively,, as it is exemplarily shown in 60, 
whore the current is shown versus the potential (voltage) . 

It is noted that, although it is not shown in Fig. 1, the 
counter electrode 5 preferably is large compared to the 
working electrode 10, so that it is only the electrochemical 
nror:es5?e.s on the working electrode 5 that have a limitina 
effect on the measured flow of current. The active area of 
the counter el^ctrod^ is^ for Rv;^mplf^^ iF-i fty times larger 
than, but at least twice as large as the working electrode. 
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Although itL wcaij ibed above r:nar. rne sample liquid 35 is 

S nl: rodueed into tho measuaircrncnt chamber 20, it is ditio 
possible to dip the three electrodes 5, 10 and 15 into the 
sample liquid 35. Further, in the last -mentioned 
implementation, it is also possible to implement the 
t5le<-:Lrocles as a proDe wnach can be used as a disposable probe 
via an appropriate quick change apparatus. In order to 
transmit the signals rrom tihe electrodes to the potentiostat , 
such a probe can also comprise an integrated preamplifier to 
amplify the current. 

It is also noted that an apparatus which avoids temperature 
fluctuations or which adjusts a defined temperature at the 
electrodes, i.e, a thermostatic functioning, may be provided 
since the reactions taking place at the electrodes can also 
be dependent on the temperature. 

It is also noted that different materials, such as platinum, 
gold or graphite, are possible for the electrode material. 
It is only substantial that the electrode material is inert 
with respect to the chemical processes occurring in order to 
achieve an adequate stability. 

Reference is now made to Fig, 2 which shows a cyclovoltagram 
which has been recorded by the measuring means of Fig. 1. In 
this case, a urine sample has been used as a sample liquid 
and gold has been used as the electrode material. Fig, 2 
shows a cyclovoltagram wherein the x--axis shows the voltage 
applied or the potential U measured in mV respectively and 
the y-axis 120 shows the measured current I measured in pA. 
As it is illustrated by the arrows 130 and 140, negative 
currents correspond to reduction processes, while positive 
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currents correspond to oxidation proc^s^tjs. Since a Urine 
sample contains water as the main inaredit^nt, f-h^- pn-t- ^an^r i^i 
area for the cyclovoltagram, that is the potential window, is 
determined by the development of hydrogen with low potentials 
and by the development of oxygen with high potentials. In 
the FiguiTO^ tho poten-tial area cy btiyiniiing development or 

hydrogen in the cyclovoltagram 100 is illustrated by an arrow 
150 and the potential area of a beginning development of 
oxygen is illustrated by an arrow 160. In the present 
aqueous system, that is the urine sample, these potentials 
are located at about -1000 mV and +1100 mV respectively. 

Within these potential windows, oxidizable or reducible 
ingredients of the water in the urine sample respectively can 
be converted electrochemically at certain potentials- These 
processes cause current flows which are measured by the 
potentiostat 25 (Fig, 1) and which can be seen in the 
cyclovoltagram 100 aa peak 170 and 180 respectively. -Si-ncc 
different ingredients of the sample liquid are oxidized and 
reduced at different potentials, a statement about the kind 
of the ingredient can be made by the position of the current 
peaks, that is at which potential the current peak occurs. 
Further, the height of the peaks 170 and 180 at which the 
current peak occurs, that is the current present at the 
potential, provides information about the concentration of 
the substance. 

As it can be seen, the cyclovoltagram 100 comprises two 
current values for each potential value, so that the 
cyclovoltagram 100 is composed of an upper branch 100a and a 
lower branch 100b, respectively. Here, the upper branch 100a 
corresponds to the current value measured during the linear 
potential increase and the lower branch 100b corresponds to 



the current values measured during the linear potential 
decrease. If, during the potential increase^ the potential 
approaches the oxidation potential of a certain ingredient, 
the current measured increases. As a consequence, the 
surface concent ratjLQn_of the^ reaxtting ingredient at thQ 
respective electrode, that is the working electrode, 
decreases with a further increase in the potential,- and at 
the same time a growth of the diffusion layer starts. After 
reaching a maximum reaction current, such as at 170, the 
concentration gradient and thus the speed of the 
el^oujn->olife;mXu.cil it^cicLluii and the current respectively 
decrease again, whereby a respective oxidation peak forms (as 
at 170 and 180, wherein these peaks are superimposed by the 
development of oxygen 160) . When passing these potentials in 
the opposite direction, if the respective process is 
reversible, the oxidation process is reversed, that is, a 
reduction takes place. The current and potential values of 
the resulting oxidation and reduction peaks, for example, 170 
respectively, supply information about the reversibility 
(peak current difference) and the reduction potential 
(potential difference) of the respective ingredients. In the 
present sample liquid (urine) , the respective electrode 
reactions of the ingiredients seem to be irreversible ♦ It is 
noted that the precise features of the peaks, that is, peak 
current value,, peak widths etc., are dependent on the scan 
speed, that is, the gradient of the potential ramp- Further, 
the peak which can be observed at 190 is mainly the result of 
a covering layer phenomenon and depends on the electrode 
material used. In the present case of gold as the electrode 
material, peak 190 is caused by a gold oxide reduction. 



As it can be observed, however, urine is a very complex 

nn&H-i iim with a nu-mi^ox- of cdiffdroxit ing'jr<^cii.ont 3 , ao Llidt 
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in the cyclovoltagram 100 of a urine sample^ a large number 
of peaks 170 and 180 superimpose one another. The reason for 
this is that on the one hand, several of these ingredients 
are oxidized or reduced at potentials which are positioned 
vtixy cjlcjiiK t-cj onR ;^not-hRT- ^nri rhi^r, on rhf> nrb*=»Tr hana, only 

the total current flow caused is measured • 

As to the chemophysical processes in the cyclovoltrametry and 
the connections between physical quantities and the course of 
the cyclovoltagram, reference is made to the book 
"Elektrochemie" by C. H. Hamann and W. Vielstich, Weinheim, 
1998, which is published by the Wiley-VCH Verlag, and to the 
article "Cyclovoltammetrie - die Spectroskopie des 
Elektrochemikers" by J. Heinze in Angewandte Chemie, Vol. 96, 
1964, pages 823 to 916, which are incorporated here by 
reference ► 

Referring to Fig 3, an embodiment of an inventive method for 
determining characteristics of a sample liquid including a 
plurality of substances is now described. In a step 200, a 
plurality of cyclovoltagrams of a plurality of liquids which 
are suitable for being used as reference liquids, are 
recorded. In the case of an examination of urine, these 
reference liquids are urine samples of normal test subjects, 
that is of persons who, as far as their health is concerned, 
are thought to be normal- Tho test subjects can also be 
persons who have not been given additional substances before 

I^Pik-ing th<=t n-r-Sn^;* -3 ample* s - Thooo voltacfr'ainD cxrc th.cn proaont 

in the form of measuring vectors. Referring to these 
measuring vectors, a mathematical operator, such as a Fourier 
transformation, a wavelet transformation, etc., is applied in 
a step 205. The spectral measuring vectors obtained comprise 
as many entries as the measuring vectors which have been 
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recorded in step 200* In order to reduce the amount of data 
to be processed thereafter^ a power spectrum is, in a step 
210^ preferably cut out of the spectral measuring vectors, 
that Is a field of subsequent entries of the spectral 
measuring vectors, the sum of which is larger than a certain 
percentage of the total sum of all entries of the spectral 
measuring vectors is removed* 

These "reduced'* spectral measuring vectors are subjected to a 
main component analysis in a step 215, as it is known to the 
prior art and is, for example, described in the book 
"Statistiche Datenanalyse" by Werner A. Stahel, pages 307 
following, which was published by the Vieweg-Verlag . By 
means of the main component analysis, a transformation matrix 
is determined which transforms the reduced spectral measuring 
vectors into a low dimensional co-ordinate system or a 
feature space respectively. For this purpose^ a covariance 
matrix and the eigenvectors and eiqenvalues 

belonging thereto are determined from the reduced spectral 
measuring vectors. The number and the size of the 
eigenvalues are a measure for the number of features that can 
be extracted from the measuring values which have been 
determined in step 200, because many of the measuring values 
can be redundant and can thus^ if at all, only contribute 
marginally to the eigenvector system. The transformation 
matrix is determined in such a way that it corresponds to a 
mapping rule of reduced spectral measuring vectors into the 
feature space and that the feature space is spanned by those 
eigenvectors whose eigenvalues exceed a threshold value which 
has been empirically predetermined. Thus, the step 215 
ensures that this mapping rule is adjusted to the sample 
liquids r for example urine, to be measured. The threshold 
value can be adjusted to enable an adequately high 
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statistical security referring to the following evaluation of 
the sample liquids . 

After the mapping rule has been determined in step 215, to 
map the reduced spectral measuring vectors into the feature 
space, steps 200, 205 and 210 are repeated in steps 220, 225 
and 230 with respect to a liquid of which at least one 
characteristic is known. This characteristic can, for 
example, include the concentration of a certain ingredient of 
the liquid or simply be a qualitative statement about the 
liquid, such as the statement that it has passed a certain 
expiry date or that it has been treated in a certain way^ for 
example, by the addition of vitamin C. In a step 235, by 
means of the transformation matrix determined in the step 
215, a first feature point is determined in the feature space 
from a recorded cyclovoltagram of the liquid with the at 
least one known characteristic. Steps 220^ 225, 230 and 235 
can also be carried out for several liquids, wherein several 
feature points form. 

In steps 240, 245, 250 and 255, the steps 220, 225, 230 and 
235 are repeated for the sample liquid to be examined, of 
which no characteristic is known, whereby a second feature 
point forms . 

The feature point obtained in step 255 and the feature points 
obtained in step 255 respectively (one feature point for each 
dimension of the feature space) are then, in a step 260, 
either associated qualitatively to a certain class which 
corresponds to a certain characteristic or associated 
quantitatively to a certain value, as it is explained in 
greater detail referring to Figs. 4, 5 and 6. This 
association is carried out by comparing the second feature 
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values with the first feature values which have been 
extracted from cyclovoltagrams of samples which comprise at 
least one known characteristic. On the basis of feature 
values of body liquids of test subjects with a known state of 
illnessi. a class association can, for example, mean 
determining an illness of the test subject of whom the 
respective sample liquid, such as urine, liquor, etc., has 
been taken. On the basis of feature values of samples with a 
known composition of substances the determination of a 
quantitative value can, for example, be the determination of 
the concentration of an ingredient or the like. 

It is noted that it is possible to use the same 

cyclovoltagrams in steps 205 and 220. It is also possible to 
omit steps 205, 210, 225, 230, 245 and 250 and to apply steps 
215, 235 and 255 directly on the cyclovoltagrams instead. 
For clarity, it is also noted that the characteristic 
determined in step 250 is always related to an attribute, 
such as a concentration, a state of illness, etc, which the 
at least one known characteristic of the liquid of step 220 
relates to. 

Since the covering layer phenomena (confer 190 in Fig, 2) are 
dependent on the electrode material used (the peak at 190 is, 

as in n 1- T r>n«;»d slb'^!^t^o, ari offoot o£ tHc: coTrcx-liiy Idytii 

phenomenon and no reduction peak corresponding to the 
oxidation peak 170) and thus each course of cyclovoltagram 
depends on the electrode material used, it can be 
advantageous to use the same electrode material when 
recording the cyclovoltagrams in rhe sreps ZOO, 220 and 240. 
It is also possible to carry out steps 200, 220 and 240 
several times, so that for each liquid cyclovoltagrams are 
obtained using different electrode materials, that is, for 
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example, that each cyclovoltagram measurement is carried out 
with gold, platinum and graphite as the electrode material. 
The resulting cyclovolt agrams tor a liquid may then be 
combined for the following processing to form one measuring 
vector. The advantage is that the covering layer phenomena 
provide additional information about the respective liquids^ 
wherein this information can lead to improved results in the 
method of Fig, 3. 

A further adjusting parameter which can be considered when 
recording the cyclovoltagrams is the scan speed. Since the 
scan speed influences the precise form of the oxidation and 
reduction peaks^ the course of the cyclovoltagram depends on 
the scan speed used for recording. For this reason, it can 
be advantageous to chose the same scan speed for the steps 
200, 220 and 240. It can, in turn, be advantageous to carry 
out each cyclovoltagram recording using different scan speeds 
and to combine the resulting cyclovoltagrams to form one 
measuring vector. Thereby, further information about the 
liquids may be obtained from the diffusion processes and 
penetrating reactions at the electrodes and can be used for 
the succeeding evaluation, 

I+: aloo notod ths^t, e^peciolly in Lhe Ccise of body 

liquids, it can be advantageous to adjust the different 
liquids before carrying out the steps 200, 220 and 240, to 
the same conductivity value by diluting. Otherwise, it can 
occur in the case of urine samples that the urine samples of 
patients have different concentrations ^ depending on the 
amount of liquid the patient has taken in prior to taking the 
sample. Since the peak current height depends on the 
concentration of the ingredients, the course of the 
cyclovoltagram depends on the concentration. By adjusting 



all the liquids to the same conductivity value prior to 
recording a cyclovoltagram, the cyclovoltagrams obtained can 
be standardized. 



Reference xs now made to Fig. 4 which illustrates five 
cyclovoltagrams 301, 302, 303, 304 and 305 which have been 
measured by the measuring means of Fig. 1 with respect to 
urine samples which have been taken from a test subject at 
different points in time after administering vitamin C or 
before administering vitamin C or which have been obtained 
from a urine sample which has been taken from the test 
subject before administering vitamin C and to which vitamin C 
has been added after the taking. The following applies to 
the cyclovoltagrams 301 to 305 that: 



Teible 1 



Cyclovoltagram 



Taking 



301 



Taking of urine sample prior to 
administering vitamin C 



302 



Taking of urine sample 2 hours after 
administering vitamin C 



303 



Taking of urine sample 3 hours after 
administering vitamin C 



304 



Taking of urine sample 5 hours after 
administering vitamin C 
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305 Taking of urine sample prior to 

administering vitamin C with subsequent 
addition of vitamin C 

The cyclovoltagrams 301 to 305 are illustrated, wherein the 
X-axis 310 shows the applied voltage in mV and the y-axis 320 
shows the measured current in mA along the Y-axis 320. 

The cyclovoltagrams 301 to 305 show differences in the 
courses of the cyclovoltagrams which, by the present 
invention, can be evaluated more precisely and in a more 
stable way^ wherein it is possible according to the invention 
to recognize signal differences which are not accessible to a 
visual evaluation. 

The cyclovoltagrams 301 to 305 have been subjected to an 
evaluation according to the steps of Fig, 3. For this 
purpose, cyclovoltagrams of urine samples have been recorded 
before, which have been taken from test subjects who have not 
been given vitamin C before- The recorded cyclovoltagrams of 
these urine samples have served as reference samples and have 
been used to form a mapping rule and a transformation matrix 
respectively for measuring vectors of cyclovoltagrams, as it 
is explained above referring to Fig. 3. By means of this 
transformation matrix which has been adjusted to urine 
measurements in this way, the measuring vectors and the 
reduced spectral measuring vectors respectively of the 
cyclovoltagrams 301 to 305 have been transformed into a two 
dimensional feature space. 

Fig. 5 illustrates the two dimensional feature space in which 
the reduced spectral measuring vectors of Fig, 4 have been 



s 
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transformed. The feature space is especially spanned by two 
axes 4 00 and 410 which correspond to the two eigenvectors 
with the largest eigenvalues. The two axes 400 and 410 of 
Fig. 5 are standardized in such a way that the variance of 
feature values yields one (Unit Variance) . In accordance 
with the main component analysis used, the axes 400 and 410 
are called "main axis 1" and "main axis 2" respectively. 

As can be seen in Fig. 5, five accumulations or clusters 
301', 302', 303', 304' and 305' of feature points can be 
recognized in the feature space. Each accumulation 301', 
302', 303', 304' and 305' is composed of four feature points 
which, by the main component transformation mentioned above, 
have been obtained from the cyclovoltagrams shown in Fig. 4, 
by rendering them noisy by a Gaussian distribution. The 
evaluation according to the feature processing, in this case 
being the main component analysis, consequently yields, in 
spite of a noisy rendering of the measuring vectors and the 
cyclovoltagrams 301 to 305 of Fig. 1 respectively with 10% 
relative noise of the maximum value, an unambiguous 
separation of the different urine samples, as it can 
be seen in Fig. 5 at the accumulations 301' to 305' . As 
mentioned above, the axes are standardized in such a way that 
the variance of the feature values yields 1, In particular, 
the accumulation 301 of feature points corresponds to the 
cyclovoltagram 301 of Fig. 4, the accumulation 302' of 
feature points to the cyclovoltagram 302 of Fig. 4, etc. 

Due to the accumulations 301' to 305' being separated 
clearly, it is possible to associate further measurements of 
urine samples which are taken from persons without their 
knowledge, to certain classes. In the example of Figs. 4 and 
5, it is, for example, known that the sample liquid of the 



20 



cyclovoltagram 301 of Fig, 4 was a ux-ine sample which was 
taken from a patient prior to administering vitamin C. It is 
also known that the sample liquids of the cyclovoltagrams 
302, 303 and 304 of Fig. 4 were urine samples, which were 
taken from a patient after administering vitamin C. Finally, 
it is also known that the sample liquid of the cyclovoltagram 
305 of Fig, 4 was a urine sample that was taken from a 
patient prior to administering vitamin C and to which vitamin 
C was added afterwards, A new recording and processing of a 
cyclovoltagram of a urine sample of an unknown test subject 
can, for example, now be interpreted in that the test subject 
has either not been administered vitamin C before taking the 
urine sample, that the test person has been administered 
vitamin C or that the test subject has not been administered 
vitamin C before taking the sample, but that vitamin C has 
been added to the urine sample afterwards . 

Such a qualitative classification could be carried out the 
following way by at first determining the center of gravity 
of the accumulations 301' of feature points. The 
determination of the center of gravity can, for example, be 
carried out by geometrical means. The centers of gravity of 
the accumulations 302', 303' and 304' of the feature points 
are then determined. Finally, the center of gravity of the 
accumulation 305' is determined* The distance between the 
feature point which is associated t-r> th^^^ n-ri*n^ ^^mplo o£ ti^o 
unknown test subject and each of the three centers of gravity 
J.s> LxiMzi cienex-xnincci. niacn aistance can, foj. tiJtciHiple^ 
correspond to a Mahalanobis distance. If the distance to the 
center of gravity of 301' is the smallest, it is deduced that 
the patient has not taken in vitamin C prior to taking the 
urine sample. If the feature point is closest to the center 
of gravity of 302', 303' and 304', it is deduced that the 
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test subject has taken in vitamin C prior to taking the urine 
sample* Finally, if the feature point is closest to the 
center of gravity of 305' r it is deduced that the test 
subject has not taken in vitamin C prior to taking the urine 
sample^ but that vitamin C has been added to the urine sample 
later on. 

After it has been illustrated in Fig, 5 how a qualitative 
association of cyclovoltagrams to classes is possible, it is 
explained referring to Fig, 6 how a quantitative value, which 
is associated to the sample liquid can be obtained from a 
cyclovoltagram of a sample liquid according to the inventive 
method - 

In Fig. 6, the y-axis 500 shows the period of time in 
minutes, which indicates the time that has actually gone by 
between administering the vitamin C and taking the urine 
sample. The x-axis 505 shows the respective time values in 
minutes, wherein the time values have evolved from the 
feature points for seven noisy measuring vectors of four 

rRSpen-t 1 n-r-ints^ cramplc^s, as will now b>o oatpl^incci, 

AS it has already been explained referring to Figs. 4 and 5, 
the four measuring vectors which evolved from the urine 
samples taken at different points in time, after rendering 
noisy of the measuring data were transformed to seven feature 

pointc srocpco-ti-y-oly , ^\\v=L^^'Lf y Tcjui ci(-;i^uiuula L-lons OX T^nese 

feature points evolved. The points in time at which the 
samples have been taken represent one feature of the urine 
samples. The accumulations of feature points are associated 
to the individual urine samples and, consequently, to the 
points in time of their taking- Then, an interpolation has 
been performed in a linear way via these associated pairs of 
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accumulations and time values, wherefrom an association was 
achieved^ which associates each point in the feature space to 
a time value. The 28 points^ which can be seen in Fig. 6, 
which are separated into four accumulations 510;. 520, 530 and 
540, represent the time values associated to the respective 
feature points. It becomes evident that, in spite of 
rendering noisy the measuring dates, the period of time 
between administering vitamin C and taking the urine sample 
can be determined relatively precisely. In order to improve 
the precision^ an interpolation of a higher rank can be used 
instead of a linear interpolation. Spline functions can also 
be used to interpolate between the different feature 
accumulations . 



It has just been shown that the inventive apparatus and the 
inventive method, respectively, are capable of determining 
different characteristics of urine samples. It has especially 
been made clear that both qualitative and quantitative 
statements can be made about the urine samples. 

However, it is noted that the present invention can also be 
used with other body liquids, such as liquor, blood, etc., or 
with liquid foods. Basically the present invention can also 
be used with other chemical solutions of all kinds, both 
organic and inorganic liquids, which are for one thing 
adequately conductive to be able to record a cyclovoltagram 
and which are homogenous for another thing. Consequently the 
present invention can especially be used with washing liquids 
for washing machines and dishwashers (washing liquor) , for 
example. If the liquid to be measured is not adequately 
conductive, a respective conductivity can be obtained by 
adding an electrolyte. 
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It is also noted that^ although the usage of only three 
electrodes has been described before^ more electrodes can 
also be used so that, for example, measurements with 
different electrode materials can be recorded simultaneously. 

The necessary calculations which have to be carried out with 
the transformations and mathematical operations respectively 
can either be carried out by a computer program which is 
carried out in a processor, an application specific IC (ASIC) 
or the like. 

Although it has been described before referring to Fig. 3 
that^ for calculating the transformation matrix for 
transforming the measuring vectors into the feature space a 
plurality of measuring vectors are recorded and used, a 
plurality of measuring vectors can also be obtained and used 
by rendering noisy a recorded measuring vector by rendering 
it noisy with a Gauss-distributed noise. 

It is also noted that, although it has been described before 
that the measuring vectors, before they are transformed into 
the feature space, are condensed by applying a mathematical 
operator and by cutting certain spectral values afterwards, 
it is also possible to apply the main component analysis 
directly to the measuring vectors . 

It is noted that the method which has been described before 

is a *' j^np^a-rxrised*' motKod in tKo-t th^ire oarc: £»upp(Jj: tiiig 

positions in the feature space, by means of which an 
interpolation is carried out in order to enable an 
association between feature points characteristics. However, 
the present method can also be implemented as an 
"unsupervised" method wherein there are no supporting 
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positions but wherein a classification is deduced afterwards 
by means of certain correlations. Basically all multivariate 
signal processes can be used. 

ThuS/ an advantage of the method described herein is that a 
feature vector does not have to be known a priori. After 
determining the eigensyst ems , the eigenvectors and the 
eigenvalues respectively, it can be determined a posteriori 
that the measuring vectors can obviously be associated to 
certain features in the system. These features or classes 
respectively can , for example^, be illnesses. In another 
example they can also be concentrations of certain 
substances. In the last-mentioned case it is, by constructing 
a model, of course possible to map a new measuring vector on 
a certain concentration from a continuous range or, as it has 
been mentioned before, on the period of time between taking 
the sample and administering the drug. 

It is also possible to use other methods instead of the main 
component analysis mentioned before in order to map the 
measuring vectors obtained in a low dimensional space. The 
methods of statistics and of the neuronal nets are suitable 
analyzing algorithms. With the help of these methods even 
those features can be extracted from the measuring graph, 
which are, even for a skilled analyzer, difficult to 
recognize or cannot be recognized at all. Basically these 
algorithms are mapping rules of a coordinate system of the 

system of features or physical and chemical quantities 
respectively, wherein the coordinate system contains the 
evaluation. The main component analysis is one example of an 
advantageous method for this purpose, which is able to 
extract features which make a classification possible, from 
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measuring graphs. A substantial advantage of the method is 
that it can also be used as an "unsupervised" method without 
knowing the results, wherein, nevertheless^, differences and 
classes in the samples can be detected by , for example, 
determining certain correlations with certain characteristics 
a posteriori » Since this refers to a matrix mapping, the 
method is linear, and stable. 

The classes cannot only be associated to concentrations of 
individual substances, they can , for example, also identify 
certain states of illnesses which aore correlated with certain 
metabolic products. The latter renders the method especially 
interesting for a quick analysis of illnesses. In the 
transformed vector space of the main components interpolation 
methods for measuring concentrations can then also be used^ 
as, for example, in Fig. 6, or the classification can foe used 
as a basis for the method of the so-called partial model 
building . 

The method discussed here for analyzing features, that is the 
main component analysis, is, however, substantially linear, 
which on the one hand renders it stable, but which in the 
case of high non-linearity limits its applicability. In the 
case of non-linear relations methods of the artificial 
neuronal nets can be used advantageously, either in the form 
of self organizing nets (SOW) for classification or 
"classical" neuronal nets for quantification. The methods of 
the neuronal nets are not linear and can thus deal with more 
cases of application than linear methods, but the 
disadvantage is that they are less stable than the main 
component analysis- Due to the larger degree of freedom they 
also require higher calibration requirements in order to 
achieve a stable mapping rule. 



CIAXMS 



A method for determining characteristics of a sample 
liquid including a plurality of substances/ wherein the 
method comprises the following steps: 

recording (220) current-voltage measurement data of a 
liquid with at least one known characteristic; 

transforming (235) the measurement data of the liquid 
into a feature space to obtain a first plurality of 
feature values; 

recording (240) current-voltage measurement data of the 
sample liquid; 

transforming (255) the measurement data of the sample 
liquid into the feature space to obtain a second 
plurality of feature values; 

determining (260) at least one characteristic of the 
sample liquid based on the feature values of the sample 
liquid in relation to the feature values of the liquid 
with the at least one known characteristic; 

wherein the steps of recording comprise the following 
steps : 

cyclically applying a voltage ramp to the liquid in both 
directions; and 



measuring the electrolysis current as a function of the 
voltage applied. 

A method of claim 1, wherein the liquids are a body 
liquid;, liquid foods or washing liquids. 

A method of claim 1 or 2, wherein the at least one 
characteristic corresponds to a concentration of the 
plurality of substances, a statement of diagnosis of 
illness or the period of time between taking the sample 
and administering a drug. 

A method of one of the claims 1 to 3^ further comprising 
the following steps; 

recording (200) current-voltage measurement data of a 
plurality of liquids which are predetermined as 

5^ ^ f ^ xT i*i C O xi^HJ-^tir 

determining (215) a transformation matrix for the steps 
of transforming (235, 255) into the feature space. 

A method of claim 4, wherein the step of recording (200) 
the current-voltage measurement data of a plurality of 
reference liquids further comprises the following step: 

rendering noisy the recorded current-voltage measurement 
data to obtain further current-voltage measurement data. 

A method of claim 4 or 5, wherein the step of rendering 
noisy is carried out by adding a Gauss-distrit>uted noise 
to the measurement data. 
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A method of one of the claims 4 to 6, wherein tiie step 
of determining (215) the transformation matrix comprises 
the following steps: 

forming a covariance matrix from the measurements data 
of the plurality of reference liquids; 

calculating the eigenvalues and the eigenvectors of the 
covariance matrix belonging thereto; and 

forming the transformation matrix such that the 
transformation matrix provides a mapping rule for 
measuring vectors into a space which is spanned by the 
eigenvectors^ of which the eigenvalues belonging thereto 
exceed an empirically predetermined threshold value, 

A method of one of the claims 1 to 7^ wherein the step 
of determining (260) o£ at least one characteristic of 
the sample liquid comprises the following steps: 

determining the distance between the feature values of 
the sample liquid and the feature values of the liquid 
with the at least one known characteristic; and 
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transformed to obtain a plurality nf teatur^ vectors in 
the featuro space. 

10. A metJiod ot claim 9^ wlierein the step of determining 

(260) the at least one characteristic of the sample 
liquid comprises the following steps; 

determining the distances between the feature values of 
the sample liquid and the feature vectors; and 

associating the at least one known characteristic of the 
liquid with at least one known characteristic which is 
associated to the feature vector with the smallest 
distance, to the sample liquid. 

11, A method of claim 9, wherein the at least one known 
characteristic of the plurality of liquids with at least 
one known characteristic ,are quantitative values which 
are related to one attribute^ wherein the step of 
determining (260) the at least one characteristic of the 
sample liquid comprises the following steps: 

interpolating between the feature values and the 
quantitative values of the plurality of liquids with at 
least one known characteristic to obtain an 
interpolation function which is defined in the feature 
space; and 

associating the value of the interpolation function on 
the location of the feature values of the sample liquid 
to the sample liquids- 
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12 » A method of one of the claims 1 to 11, further 
comprising the following step: 

calculating (205, 225^ 245) the Fourier transform 
function of the measurement data, 

wherein the steps of transforming are applied to the 
Fourier transform function of the measurement data. 

13- A method of one of the claims 1 to 11, further 
, comprising the following step: 

carrying out a wavelet transformation of the measurement 
data, 

wherein the steps of transforming are applied to the 
measurement data which have been subjected to a wavelet 
transformation . 

14. A method of claim 12 or 13, further comprising the 
following step: 

picking out (210, 230, 250) transformed measurement 
data, the sum of which is larger than a certain 
percentage of the total sum of all transformed 
measurement data, 

wherein the steps of transforming are applied to the 
transformed measurement data picked out, 

15, A method of one of the previous claims, wherein an 
electrode material used for recording current-voltage 
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measurement data is the same for each of the steps (200, 
220, 240) of recording. 

16. A method of one of the previous claims, wherein the 
steps (200, 220, 240) of recording are carried out 
several times, wherein an electrode material used for 
recording current-voltage measurement data is changed 
each time^ and wherein the several current-voltage 
measurements data are combined. 

17. A method of claim 16, wherein a scan speed used for 
recording current-voltage measurement data is the same 
for each of the steps (200, 220, 240) of recording. 

18. A method of one of the previous claims, wherein the 
steps (200, 220, 240) of recording are carried out 
several times, wherein a scan speed used for recording 
current-voltage measurement data is changed each time, 
and wherein the several current-voltage measurement data 
are combined. 

19. A method of one of the previous claims, further 
comprising the following step: 

prior to the steps (200, 220, 240) of recording, 
diluting the liquids until the liquids exhibit a 
predetermined conductivity value. 

20. A method of one of the pjievious claims, further 
comprising the following step: 



prior to the steps (200, 220, 240) of recording, 
introducing (40) an inert gas into the liquid to drive 
out oxygen dissolved in the liquid, 

An apparatus for determining characteristics of a sample 
liquid including a plurality of substances, the 
apparatus comprising the following features: 

a recording means for recording current-voltage 
measurement data of a liquid with at least one known 
characteristic and for recording current-voltage 
measurement data of the sample liquid; 

a first processing means for transforming the 
measurement data of the liquid into a feature space to 
obtain a first plurality of feature values, and for 
transforming the measurement data of the sample liquid 
into the feature space to obtain a second plurality of 
feature value; and 

a second processing means for determining at least one 
characteristic of the sample liquid based on the feature 
values of the sample liquid in relation to the feature 
values of the liquid with the at least one known 
characteristic, 

wherein the recording means comprises the following 
features : 

a voltage generating means for cyclically applying a 
voltage ramp to the liquid in both directions; and 



a measuring means for- measuring the electrolysis current 
as a function of the voltage applied* 

An appajcstus of claim 21, wherein the liquids are body 
liquids, liquid foods or washing liquids. 

An apparatus of claim 21 or 22, wherein the at least one 
characteristic corresponds to a concentration of the 
plurality of substances, a statement of diagnosis of 
illness or the period of time between taking the sample 
and administering a drug. 

An apparatus of one of the claims 21 to 23, further 
comprising ; 

a means for determining a transformation matrix for 
usage with the transformation into the feature space 
from recorded current-voltage measurement data of a 
plurality of liquids predetermined as reference liquids* 

An apparatus of one of the claims 21 to 24, further 
comprising ; 

a means for calculating the Fourier transform function 
of the measurement data, 

wherein the means for transforming transforms the 
Fourier transform function of the measurement data. 

An apparatus of one of the claims 21 to 25, further 
comprising : 



a means for carrying out a wavelet transformation of the 
measurement data, 

wherein the means for transforming transforms the 
measurement data having been subjected to a wavelet 
transformation . 

An apparatus of claim 2 or 26, further comprising: 

a means for picking out transformed measurement data, 
the sum of which exceeds a certain percentage of the 
total sum of all transformed measurement data, 

wherein the means for transforming transforms the 
transformed measurement data picked out. 

An apparatus of one of the claims 21 to 27, wherein the 
recording means comprises the following features: 

a measurement chamber (20) , 

a counter electrode (5), a working electrode (10) and a 
reference electrode (15), which are located in the 
measurement chamber (20), wherein a fixed reference 
voltage is applied to the reference electrode (15); 

a voltage generating means (25) for applying a voltage 
between the counter electrode (5) and the working 
electrode (10) ; 

a voltage measuring means (25) for detecting the voltage 
between the working electrode (10) and the reference 
electrode (15) ; and 
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a current measuring means (25) for detecting the current 
flowing between the working electrode (10) and the 
counter electrode (5) . 

29. An apparatus of claim 28/ further comprising: 

a means (30) for introducing an inert gas into the 
measurement chamber (20) * 

30. An apparatus of claim 28 or 29 r wherein the three 
electrodes (5, 10, 15) are fixed to a probe, wherein the 
probe is replaceable. 

31- An apparatus of claim 30, wherein the probe comprises 
the following feature: 

a means for amplifying the current flowing between the 
electrodes • 

32. An apparatus of claim 30 or 31, wherein the probe 
further comprises the following feature; 

a means for controlling the temperature at the 
electrodes (5, 10, 15) . 

33. An apparatus of one of the claims 30 to 32^ wherein the 
probe comprises several sets of electrodes (5, 10/ 15) 
with different materials. 



34. 



An apparatus of claim 33, wherein the electrode material 
is gold, platinum or graphite. 



MotHod and apparattio fox det«niii.iixiig oharactdrriatica o£ a. 
sample licjuid. includ±ng a plurality of aut^stances 



Abstract 



The method according to the invention for determining 
characteristics of a sample liquid including a plurality of 
substances includes the recording current-voltage measurement 
data of a liquid with at least one known characterist ic^- the 
transforming of measurement data of the liquid into a feature 
space to obtain a first plurality of feature values^ the 
recording of current-voltage measurement data of the sample 
liquid, the transforming of measurement data of the sample 
liquid into the feature space to obtain a second plurality of 
feature values^ and the determining of at least one 
characteristic of the sample liquid based on the feature 
values of the sample liquid in relation to the feature values 
of the liquid with the at least one known characteristic. 




Fig. 1 
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GESOMT SEITEN 47 




Declaration and Power of Attorney For Patent Application 
Erklarung Fur Patentanmeldungen Mit Vollmacht 

German Language Declaration 



AIs nachstehend benannter Erfinder erklare ich hiermit an 
Eides Sian: 



As a below named inventor, I hereby declare that: 



dass mein Wohnsitz, meine Posianschrift, und meine Staats- 
angehorigkeit den im Nachsiehenden nach meinem Namen 
aufgefuhrlen Angaben enlsprechen, 

dass \ch, nach bestem Wissen der urspningliche, erste und 
adeinige Erlinder (falls nachstehend nur ein Name angege- 
ben ist) oder ein ursprungiicher, erster und Miterfinder (falls 
nachstehend mehrere Namen aufgefOhrt sind) des Gegen- 
standes bin, fur den dieser Antrag gesteUl wird und fur den 
ein Patent beantragt wird fur die Erfindung mit dem Titel: 



deren Beschreibung 
(zutreffendes ankreuzen) 
Q hier betgefugt ist, 
□ am 



, unter der 



Anmeldungsseriennummer . 
eingereicht wurde und am 



abgeandert wurde (falls tatsachlich abgeandert). 

ich bestatige hiermit, dass ich den Inhalt der obigen Paten- 
tanmeldung einschliesslich der Anspmche durchgesehen und 
verstanden habe. die eventuell durch einen Zusatzantragjwie 
oben en^vahnt at>geandert wurde. 

Ich erkenne meine Pflicht zur Offenbarung irgerKlwelchef In- 
formationen, die fur die Prufung der voriiegenden Anmeldung 
in Einklang mit Absatz 37. Bundesgesetzbuch, Paragraph 
1 .56(a) von Wichtigkeit sind, an. 



Ich beanspruche hiermit auslSindische Prioritatsvorteile ge- 
m^s Abschnitt 35 der 2jviIprozessordnung der Vereinigten 
Staaten, Paragraph 119 aller unten angegebenen Ausland- 
sanmeldungen fur ein Patent Oder eine Erfindersurkunde, 
und habe auch alle Auslandsanmeldungen fur ein Patent Oder 
eine Ertindersufkunde nacfistehend gekennzeichnet, die ein 
Anmeldedatum haben. das vor dem AnmeWedatum der An- 
meldung Uegt. lur die Prioritat beansprucht wird. 



My residence, post office address and citizenship are as stated 
below next to my name. 



I believe I am the original, first and sole inventor (if only one 
name is listed below) or an onginal, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention entitled 



Method and apparatus for determining 

characteristics of a sample liquid 

IncludinR a plurality of substances 

the specification of which 
(check one) 

is attached hereto. 
X3 was filed on 2/2^/01 as 



Application Serial No. 09/786,29^ 
and was amended on 



(if applicable) 

I hereby state that I have reviewed and understand the con- 
tents of the above identified specification, including the claims, 
as amended by any amendment referred to above. 



I acknowledge the duty to disck^se information which is ma- 
terial to the examination of this application in accordance with 
TiUe 37. Code of Federal RegulaUons, §1^a). 



i hereby claim foreign priority benefits under TiUe 35, United 
States Code, §1 19 of any (oretgn appfication(s) for patent or 
inventor's certificate listed below and have also identified 
t>elow any foreign application for patent or inventor's certifi- 
cate having a filing date before that of^e applicaUon on 
which priority is claimed: 




Form PTO-FB-240 (8-83) 
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— Pa(<nt and Trademark Otflc^MJ^. DEPARTMENT OF COMMGR* 



-7^ 



prior foreign applications 
Prioritat beansprucht 
00103882,7 



(Number) 
(Nummer) 



(NumOer) 
(Nummer) 



Germany 



German Language Declaration 



24/02/00 (February 24, 2000) 



(Country) 
(Land) 



(Oay/Mo*ittVYear Filed) 
(Tag/Monat/Jahr eingereccht) 



(European Patent 
Application) 



(Country) 
(Land) 



(Day/MonthA'eaf Filed) 
(Tag/Monat/Jahr eingereicht) 



Pnonty Claimed 



res 
Ja 



Ja 



Nein 



Nem 



(Number) 
(Nummer) 



(Country) 
(Land) 



(Oay/MontnA^ear Ftled) 
(Tag/Monat/Jahr eingereicht) 



Q 

Ja 



Netn 



Ich beanspruche hiermit gemass Absatz 35 der Ziviiprozess- 
ordnung der Vereinigten Staaten, Paragraph 120, den Vorzug 
aller unten aufgefuhrten Anmeldungen und falls der Gegen- 
siand aus jedem Anspruch dieser Anmeldung nicht in einer 
(ruheren amenkaniscrien Patentanmeldung laut dem ersten 
Paragraphen des Absatzes 35 der Zivilprozessordnung der 
Vereinigten Staaten. Paragraph 112 offenbart ist. erkenne 
ich gemass Absatz 37. Bundesgesetzbuch, Paragraph 1 .56(a) 
meine Pllicht zur Oflenbarung von Informationen an. die zwi- 
schen dem Anmeldedatum der fruheren Anmeldung und dem 
nalionalen Oder PCX iniernationalen Anmeldedatum dieser 
Anmeldung bekannl geworden sind. 



I hereby claim the benefit under Title 35. United Slates Code, 
§120 of any United Slates application(s) listed below and. 
insofar as the subject matter of each of the claims of this 
application is not disclosed in the pnor United States appli- 
cation in the manner provided by the first paragraph of Title 
35. United States Code. §112. I acknowledge the duty to 
disclose material information as defined in Title 37, Code of 
Federal" Regulations. §1 -56(a) which occurred between the 
filing dale of the prior application and the national or PCT 
international filing date of this application: 



(Apptccation Senai No.) 
(Anmeldeseriennummer) 



(Filing Date) 
(Anmeldedatum) 



(Application Sena! No.) 
(AnmeWeseriennummer) 



(Ftling Date) 
(Anmeldedatum) 



(Status) 
(patentiert, anhar^ig. 
aufgegeben) 



(Status) 
(patented, pending, 
abandoned) 



(Status) 
(patentiert, anhangig. 
aufgegeben) 



(Status) 
(patented, pending, 
abandoned) 



Ich erktare hiermit, dass alle von mtr in der vorliegenden 
Erkl^ng gemachten Angaben nach meinem besten Wissen 
und Gewissen der vollen Wahrtieit entsprechen, und dass 
ich diese eidesstatlliche Erklarung in Kenntnis dessen ab- 
gebe, dass wissentiich und vors^tzlich falsche Angaben ge- 
mass Paragraph 1001, Absatz 18 der Zivilprozessordnung 
der Vereinigten Staaten von Amerika mit Geldstrafe bdegt 
und/oder Gefangnis bestraft werden koeonen, und dass de- 
rartig wissentltch und vorsatzlich (alsche Angaben die Gu(- 
tigkeit der vorfiegenden PatentanmeWung oder eines darauf 
erteilten Patentes gefahrden konnen. 



I hereby declare that all statements made herein of my own 
knowledge are true and that an statements made on infor- 
maUon and belief are believed to t>e true; and further that 
these statements were made %wth the knowledge that willful 
false statements and the Uke so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements 
may jeopardize the vafidity of the application or any patent 
issued thereon. 
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Patent and Trademartc 0«icc-U,S. OGPAflTMENT OF COMf46RCl 




VERTRETUNGSVOLLMACHT: Als benannter Erfinder 
beauftrage ich hiermii den nachstehend benannten Palen- 
tan wad (oder die nachstehend benannten Paten(anwalle) und/ 
Oder Palenc-Agenlen mil der Vedolgung der vorliegenden 
Patentanmeldung sowie mil der Abwicklung aller damit ver- 
bundenen Geschafte vordem Paten(-und Warenzeichenamt: 
(Name und Regtstrationsnummer anfuhren) 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attomey(s) and^or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith, {fist name and reg- 
istraUon number) 

Michael A. GLENN, Reg. No. 30,176 
Donald M. HENDRICKS, Reg, No. 4 0,35 5 
Kirk D, WONG, Reg. No. 43,284 
Earle W. JENNINGS, Reg. No, 44,804 
Christopher PEIL, Reg. No, 45,005 



refefongesprache bitte nchten an: 
IName und Tefefonnummer) 



Direct Telephone Calls to: {name and tefephone number) 



Postanschrift: 



Send Correspondence to: 
GLENN PATENT GROUP 

3475 Edison Way, Suite L, 

Menlo Park, OA 94025 

U.S.A. 



1 Votter Name des emzigen Oder ursprOngticticn Edinders: 


FuH name at sole or t'trsi inventor 

Rudolf MUELLER 


Uniersctvift des Ertinders Datum 


Inventor's signature Date 


I WoMnsitz 


Residerwre 

Starnberg, Germany 


Staatsangetiong kett 


Citizenship 

German 


Postanschrift 


Post Otlice Address 
Ahornweg 22 






B2319 Starnberg, Germany 


Votter Name des iwottan Mitortinders (lalts zuiroffend) 


FuU 


name \( secqff)d joint ir^entor. it any 

k I'^^nX ) Dietrich WABNER 


Unterscnrift des Bxlinders Datum 


Si^cond Inventor's siorSttofe Date 

~ June 11, 2001 • - 


WolTnsitz 


Residence 

Garching, Germany 


StaatsangetxKigke it 


Citizenstvp 

German 


Postansctirifi 


Post Office Address 
Danziger Strasse 62 




D-85748 Garching, Germany 



(64(te entsprechende Informadonen und Unterschaften im 
Fatle von dritten und weiteren Mt'terftndem angebea). 



(Suppty similar information and signature tor third and sub- 
sequent joint inventors.) 



Form PTO-FB-240 (8^3) 
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»7 ^ 

German Language Declaration 



VERTRETUNGSVOLLMACHT: AIs benannler Erfinder 
beauftrage ich hieftuti den nachstehend benannlen Palen- 
tanwalt (oder die nachslehend benannten Patentanwalle) und/ 
Oder Palen('Agenten mit der Verfolgung der vodtegenden 
Palentanmeldung sowie mil der Abwicklung allef damit ver- 
bundenen Geschafte vordem Palenl-und Warenzeichenamt: 
(Name und Registradonsnummer anfuhren) 




POWER OF ATTORNEY: As a named inventor. I hereby 
appoint the foUowing aaomey(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connecled Ih ere with. (list name and reg- 
istration number) 

Michael A. GLENN, Reg. No, 30, 176 
Donald M, HENDRICKS, Reg^ No, 4j O, 355 
Kirk D, WONG, Reg. No. 43,284 



Christopher PEIL, Reg. No. 45,005 



JTelefongesprache bitte richten an: 
iName und Telefonnummer) 



Direct Telephone Calls to: {name and telephone number) 



Postanschrifl; 



Send Correspondence to: 
GLENN PATENT GROUP 



3475 Edison Way, Suite L, 
r4*a2'5 




U.S.A. 



1 Volter Name des einztgeo Oder orsprOngiichcn Erlioders: 


Full name o( sole or first invj^itor 

Rudolf MUELLER 


1 Untersctwih des eriinders 


Datum 


Inventor^s/iignature Ij q —Date 
• ,VU^ June 11, 2001^ 


' Wohnsitz 


Residence 

(^Starnbergj Germany 


Staa(sangehorigke<( 


Citizenship ~" 

German 


Postaoschrift 


Post Oftice Address 
Ahornweg 22 




D-82319 Starnberg, Germany 


Vooer Name des zwetten Mitortinoers (tatts iMixeiieo<J) 




Full name oi second ioint inventor, A any 

Dietrich WABNER 


Unterscnd<t dcs Hrttoders 


Datum 


S/tfX>nd lnventor's_siQnffrare Date 


Wohnsnz 


Residence 

Garching , Germany 


Staacsangendngkeit 


German \^^>^(l3^--^ 


Postanschritt 


Post 0«ice Address 
Danziger Strasse 62 




D— 85748 Garching, Germany 



(Bitte entsprectiende informationen und Unterschaften im 
PaHe von dritten und weiteren Miterdndem angeben). 



{Supply similar information and signature for third and sub- 
sequent joint inventors.) 



l=onn PTO-rB-2^0 (8^3) 
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Patent and TradcmarK Ortice-U.S. OEPAHTMeNT OF COMMeBC 



German Language Declaration 



VERTRGTUNGSVOLLMACHT: Als benannter ErHnder 
beauftrage ich hiermil den nachstehend benannten Paten- 
lanwalt (oder die nachstehend benannten Patentanwalle) und/ 
Oder Patent-Agenten mil der Verfolgung der vodiegenden 
Patentanmeldung sowie mit der Abwicklung alter damit ver- 
bundenen Geschafte vordem Patent-und Warenzeichenamt: 
(Name und Registrauonsnummer anfOhren) 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following artomey(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith, (//s/ name and reg- 
fstration number) 

Michael A. GLENN, Reg. No. 30,176 
Donald M. HENDRICKS, Reg, No. 40,355 
Kirk D- WONG, Reg. No. 43,284 
Earle W. JENNINGS, Reg. No, 4 4,804 
Christopher PEIL, Reg. No. 45,005 



reterongesprache bitte nchten an: 
lVa/73e und Tetefonnummer) 


Direct Telephone Calls to: {name and telephone number) 


Posianschrift: 

1 


Send Correspondence to: 
GLENN PAixiNi OKv^ur 

347 5 Edison Way, Suite L, 

Menlo Park, CA 94025 

U.S.A. 


Voller Ncttne des dritten MiterfixKlers, falls zutreffeid 


Full nane of thiixl joint inventx)r, if a^tT^^^^^ 


Unterscnrift des eninders Datum 


TMj^y^^j^V^ June ir2001 


j Wohnsitr ^ 


Besifaence U ' " , 

Muenchen , Germany 


Slaalsaogehorigkeit 


^lizenship 1) 

German 


Postanschrift 


Post Oftice Address 

Kleinhaderner Strasse 46 




D-80689 Muenchen, Germany 


Voller Nane des vierten Miterfinders, falls zutneffOTd 


Full name of fourtii jomt invOTtor, if any ^^^^^^ 


Unterscnrift des Ertinders Oalum 


, Dale 
Fourth inventor s signature 


Wohnsitz 


Residence 

Muenchen, Germany 


SlaaisaAgehdfigkeil 


Citizenship 

German 


Postanschrift 


Post OWice Address 
Kiliansplatz 5 




D-80339 Muenchen, Germany 


(Bitte entsprechende Infofmationen und Untef^chriften kn 
Fade von dritten und weiteren Miierftndem angeben). 


(Supply similar informatioo and signature (or third and sub- 
sequent joint inventors.) 



Page 4 of 5 



Patent and Trademark Ortice-O S, OEPARTMeNT OF COMMEBC 



,1 



German Language Declaration 



VERTRETUNGSVOLLMACHT: Als benannter Erfinder 
beauftrage ich hiermit den nachstehend benanntcn Palen- 
tanwalt (oder die nachstehend benannten Patentanwalte) und/ 
Oder Patent-Agenten mit der Vedolgung der vodiegenden 
Paientanmeldung sowie mil der Abwicklung ailer damit ver- 
bundenen Geschafte vor dem Patent-und Warenzeichenamt: 
(Name und Regtstrsuonsnummer anfuttren) 



POWER OF ATTORNEY: As a named inventor, 1 hereby 
appoint the following anomey(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith. {fts( name and reg- 
istraUon number) 

Michael A. GLENN, Reg. No. 30,176 
Donald M. HENDRICKS, Reg, No. 40,355 
Kirk D. WONG, Reg. No, 43,284 
Earle W. JENNINGS, Reg. No. 44,804 
Christopher PEIL, Reg. No. 45,00 5 



Telefongesprache bitte nchten an: 
ifUame und Telefonnummer) 



Postanschrift: 



Direct Telephone Calls to: (name and telephone number) 



Send Correspondence to: 
GLENN PATENT GROUP 

3475 Edison Way, Suite L, 

Menlo Park, CA 9 4 025 

U.S.A. 



Voller Naie des dritten Miter finders, falls zutreffoid 


^ , , . . , .r- Hanns-Enk 
Full nams of third joint inventor, i± ai^yENDRES 


Untefschfift des Eriinders Datum 


" " " t Oatd 
Third inventor s signature 


I Wonnsilz 


Residence 

Muenchen, Germany 


Staaisangehorigkeit 


Citizenship 

German 


Postansctwift 


Post Oftice Address 

Kleinhaderner Strasse 46 




D-80689 Muenchen, Germany^: 

"^-^^^ 


Voller Nate des vierten l^^ter finders, falls zutreffCTd 


Full nane of fourtli joint inv^tor, if any 311se_ 

WURDACK ^ 


Unterscnrift des Ertinders Datum 

^ fop— 


Foyrtlv^^^^st^ture j^^^ 2OOI 


wohnsitz ry^ 


Residence ^ 
Muenchen, Germany 


Staatsangehongke j t 


German f^^-^ 


Postanschrift 


Post Oftice Address 
Kiliansplatz 5 


\ 


D-80339 Muenchen, Germany 



(Bitte entsprectiende InformaUonen und UnterscMften im 
Falte von dritten und weiteren Miteriindem angeben). 



(Supply similar information and signature for third and sub- 
sequent joint inventors,) 
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Patent and Trademark Of1ice4J.S- DEPARTMeNT OF COMMERC 



German Language Declaration 



VERTRETUNGSVOLLMACHT: AIs benannter ErUnder 
beauftrage ich hiermit den nachstehend benannten Paten- 
tanwalt (Oder die nachstehend benannten Patentanwafte) und/ 
Oder Patent-Agenien md der Verfolgung der vodtegenden 
Paienianmeidung sowie mit der Abwicklung al(er damif ver- 
bundenen Geschafte vor dem Patenl-und Warenzeichenamt; 
(Name und Regtstrationsnummer anfuhren) 



POWER OP ATTORNEY: As a nanned inventor, I hereby 
appoint the following atlorneyCs) and/or agenl(s) to prosecute 
this application and Iransacl all business in the Patent and 
TcD'-^emark Otfice connected therewith. (list name and reg- 
istration number) 

Michael A, GLENN, Reg. No. 30,176 
Donald M. HENDRICKS, Reg. No. 4 0,3 55 
Kirk D. WONG, Reg. No. 43,284 
Earle W. JENNINGS, Reg. No. 44,804 
Christopher PEIL, Reg. No. 45,005 



Telefongesprache bitte nchten an: 
tName und Teteionnummer) 



Direct Telephone Calls to: {name and teiephone number) 



^osianschriW: 



Send Correspondence to: 
GLENN PATENT GROUP 

3475 Edison Way, Suite L, 

Menlo Park, CA 94025 

U.S.A. 



[Voller Name des funften Miterfinders, falls zutreffend 


Full natie of fifth ioint inventor, if any Peter 

PFEIFFER 


Unlerschrilt des Eriinders Datum 


Fifth dT^to|J^^t^ June 11, Tool 


Wohnsuz ^^^"^^^ 


Residence ' 

Muenchen , Germany /ri / 


SlaatsangehongKeii 


Cittzensffip^ W 

German 


Poslanschnft 


Post Ottice Address 

Schleissheimer Strasse 262 




D-80809 Muenchen, Germany 


Voller ffeme des sechsten Miterfinders, falTs zutreffend 


Full name of sixth joint inv^jtor, if any 


Unterschritt des Ertinders Datum 


Sixth inventor *s signature P^^« 


Wohnsilz 


Hesidence 


Staatsang ehorigkeit 


Citizenship 


Postanschrift 


Post Office AMe^s 







(Bitte entsprechende tnformaUonen und Unterschriften im 
Paite von dritten und weiteren Miterfindem angeben). 



(Supply similar information and signature tor third and sub- 
sequent joint inventors.) 



Form PTO-FB-240 (8-83) 
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